Among six marine isolates grown on minimal medium, an isolate AA4 was chosen based on its high alginase lyase specific activity (1.69 U/mg biomass), in comparison to other isolates. The isolate AA4 was identified as Bacillus subtilis, based on a partial sequence of the 16S rDNA gene. A 2 n factorial design was applied to elucidate media compositions that significantly affect alginate lyase formation. Sixteen trials were investigated and one with positive levels of yeast extract, peptone, sodium alginate and sodium chloride showed a 15-fold increase in specific enzyme activity. The F ratio revealed that two factors, sodium chloride and alginate, whether separately or combined are positively effective at a 1% level of significance.
INTRODUCTION
Alginic acid is a commercially important algal polysaccharide. This copolymer is formed from (1--4)-linked L-guluronic acid and (1--4)-linked 1-D-mannuronic acid units.
The residues are arranged in irregular blocks along the linear chain (Grasdalen et al., 1981) . The alginic acid salt form alginate can be degraded by radiation or thermal treatment (Nagasawa et al., 2000; Said and Hassan, 1993) .Biological degradation, on the other hand, is generally conducted by an alginate lyase (EC 4.2.2.3) that acts on the 4-O-linked glycosidic linkage of alginate (Iwamoto et al., 2001 ). Alginate lyases have been isolated from a wide range of organisms, including algae, marine invertebrates, and marine and terrestrial microorganisms (Wong et al., 2000) . Most alginate degrading bacteria were originally found to be closely associated with marine algae or mollusks.
Alginate lyases, also known as alginases or alginate depolymerases, catalyze the degradation of alginate by a [beta]-elimination mechanism. Although all lyases perform essentially the same depolymerization action on alginate, each enzyme is defined by its individual *Corresponding author. E-mail: amanielahwany@yahoo.com. characteristics and its preference for the glycolytic bond connecting M and G monomers. Although most organisms produce a single alginate lyase with defined substrate specificity, some marine animals and bacterial strains produce two or more enzymes (Wong et al., 2000) .
Historically, alginate extracted from seaweed has had a variety of uses (Sanford and Baird, 1983) . Its unique physical properties enable it to be used as a stabilizer and gelling agent in the food and beverage, paper and printing, biomaterials, and pharmaceutical industries. The disposal and utilization of seaweed wastes are important for the preservation of the marine environment and recycling of organic substances. However, the degradation of alginate by general micro-organisms is not easy, mainly due to its complicated molecular structure. Thus, isolation of specific micro-organisms and using them to degrade alginate is important for the effective disposal of seaweed wastes (Tang et al., 2009 ). Fermentation of green seaweed has also been found to produce bioethanol. This seaweed contains some starch which is similar to terrestrial plant starch. It is straightforward to convert it to bioethanol using standard bacteria or yeast strains (Bruton, 2009) .
In this research, a bacterium with the ability to degrade alginate was isolated from marine sediment and production of its alginate lyase enzyme was maximized by statistical experiments so that it could be used for the disposal of seaweed waste in the future.
MATERIALS AND METHODS

Chemicals and media
Alginate was purchased from Sigma, Aldrich. All of the chemicals used in this study were of the highest analytical grade. In all cases, media were sterilized by autoclaving for 25 min at 121°C. Two media were used in this work. A minimal media composed per liter of 0.5 g NaCl, 1 g (NH4)2 SO4,; 0.5 g KH2 PO4,; 1.5 g K2HPO4, 1.5; 0.2 g MgSO4,; 20 g agar, (Dong et al., 2008) and an LB liquid medium composed of 1.0% peptone, 0.1% yeast extract, and 3.0% NaCl, pH 7.8 (Kitamikado et al., 1992) .
Cultivation
Cells from marine sediments that grew as a slant culture with alginate as the sole carbon source were inoculated into 5 ml aliquots of LB liquid medium and incubated at 30°C for 24 h. A 200 µl aliquot of each culture was then transferred to 20 ml of liquid medium in a 100 ml flask and incubated under shaker conditions at 30°C for 2 h. The clarified culture fluid was obtained by centrifugation of the cell suspension at 4,000 rpm for 10 min. Marine Bacterial isolates were maintained on the LB medium supplemented with 15% glycerol.
Assay for alginate lyase
Bacterial isolates were assayed for alginate activity using dinitrosalicylic acid (Miller, 1959) to measure the reducing sugars produced as a result of alginate hydrolysis. A solution of 0.6 g sodium alginate was dissolved in phosphate buffer (1.75 g NaCl in 100 ml of 50 mM NaHPO4) was used as the substrate. The reaction was performed by adding 1 ml substrate to 1 ml enzyme. Incubation was performed in a water bath at 37°C for 20 min. One unit of enzyme activity (U) is defined as the amount of enzyme producing 1 mg reducing sugars in 1 h. The specific activity was calculated as U/ mg biomass.
Statistical analysis
n Factorial design
Factors in the growth medium affecting alginate lyase production were evaluated by a two-level factorial experiment design (Lepper, 1950) . Manipulation of variables in such a design is advantageous because it consumes less time and determines which factor(s) has the strongest effect on the product generation (Elhelow and ElAhawany, 1999) . Four factors represented in the medium composition (NaCl, sodium alginate, peptone and yeast extract), were selected for optimizing and maximizing the production of alginate lyase.
The following medium composition 1.0% peptone, 0.1% yeast extract, 3.0% NaCl, and absence of sodium alginate was used as the control level for each of the four factors. Peptone, NaCl and yeast extract are examined at both a high setting (+ level) and a low setting (-level) , that is, ±50% of the control level. The absence of 0.5% sodium alginate was considered as the -level and its presence was considered as + level. The experiment included 16 combinations. The arrangement of the experiment shown in Table1 gave the opportunity for each medium component to be evaluated singly and in combination with any other component. The three and four interactions sum of squares (SS) were combined and divided by their number giving the residual mean square. The F-ratio was determined by dividing the effect SS by the residual mean square.
Steepest ascent method
Medium components significantly affecting alginate lyase levels were confirmed with respect to enzyme specific activity by the steepest ascent method (Schaeffer, 1969) .The figures in the effect total were divided by the number of trials performed which was equal to 16. Each of the generated figures was called the slope. The slope was multiplied by the unit of variation used. The figures generated for each factor was then transformed relative to one of the factors which was chosen arbitrarily.
Bacterial species identification by 16S rDNA sequencing
A culture of isolate AA4 was centrifuged and DNA was extracted by using a DNA purification kit (Fermentas, Lithuania). Using primers 5 'cgcggcctatcacttgttg3' bp and 5ccgtactccccaggcgggg3' bp, PCR was performed to amplify the 16S r DNA gene. The PCR was performed at 95°C for 3 min, followed by 35 cycles at 95°C for 45 s, 50°C for 30 s, and 72°C for 2 min, followed by a final extension performed at 72°C for 3 min. Sequencing of the 16S rDNA gene was performed by using the DNA sequencing facility offered by USB American Company through SIGMA; Egypt. A Homology Blast search was then performed using NCBI (National Center for Biotechnology Information). A Clustal W. program was used for multi sequence alignment and molecular phylogeny.
RESULTS
Screening experiment
Aliquots of marine sediment collected from different sea sediments in Alexandria, Egypt were inoculated on minimal medium supplemented with 4% sodium alginate as the sole carbon source. Six random isolates were selected and assayed for alginase lyase activity. The isolates were cultivated in LB broth media. After 24 h of incubation, the alginase lyase enzyme was assayed and the results presented in Figure 1 showed that isolate AA4 achieved the highest specific activity (1.6 U/mg biomass) and was selected for use in the following experiments.
Elucidation of medium constituents affecting enzyme production
Three nutrient components, NaCl, yeast extract and peptone, together with Na alginate, were screened by a 2 n factorial experiment as described in the Materials and Methods section. The various combinations, results of alginase lyase specific activity, and calculations are shown in Tables 1 and 2 . The enzyme specific activity was significantly affected individually by NaCl and alginate (at 1% levels of significance), and by their interaction together (1% level of significance). The calculations also showed that the enzyme was affected Table 1 . Arrangement of the four factors under investigation (A) and the concentrations in g/100 ml (B) of the four factors under study in the factorial experiment. Since the alginase lyase specific activity is enhanced when using higher levels of alginate and NaCl, and is positively affected by yeast extract and peptone, a combination of all 4 components (trial 16) generated the highest specific activity, 27 U/mg biomass (Table 2) , that is, 15-fold increase.
Trials Peptone (P) Yeast extract (Y) NaCl (N) Alginate(A) (A)
Base - - - - P + - - - Y - + - - P,Y + + - - N - - + - P,N + - + - Y,N - + + - P,N,Y + + + - A - - - + P,A + - - + Y,A - + - + P,Y,A + + - + N,A - - + + P,
Confirmation experiment using steepest ascent method
The optimum medium for alginate lyase production was confirmed by performing the steepest ascent method. Alginate and NaCl were the variables under study, since they showed higher significance in the previous experiment. Six trials were examined with different concentrations from 30 to 35 g/L for NaCl and from 5 to11.25 g/L for alginate (Tables 3 and 4 ). Figure 2 shows that the enzyme specific activity was increased gradually by the increase of the two significant factors NaCl and alginate described in Table 4 . This gradual increase was performed to confirm the results of the previous factorial experiment. Both statistical experiment factorial design and steepest method showed that the medium of the following composition Peptone, 15; Yeast extract, 1.5; Alginate, 5; and NaCl, 45g/L is considered to be the optimum medium required for generating high alginase lyase specific activity.
Identification of AA4 as B. subtilis by 16S rDNA sequencing
DNA was isolated from the AA4 isolate, PCR amplified and sequenced as described in Materials and Methods. Sequences were compared with the Database (NCBI Blast) and the organism was identified as being closest to B. subtilis based on partial sequences. The sequence was given an accession number = JN202442 and a phylogentic tree were generated (Figure 3 ) to show the relationship between the sequence and other closely related microorganisms.
DISCUSSION
Single variable optimization methods are not only tedious, but can also lead to misinterpretation of results, especially taking into account that the interaction between different factors is overlooked (Abdel-Fattah et al., 2005) . Statistical experimental designs have been used for many decades and can be adopted on several steps of an optimization strategy, such as for screening experiments or searching for the optimal conditions of a targeted response (Kim et al., 2005) . Recently, the results analyzed by a statistical planned experiment are better acknowledged than those carried out by the traditional one-variable-at-a-time method. In our study, on applying 2 n factorial design and steepest ascent method, two factors (NaCl and Alginate) showed to be significant and they positively affected the specific activity for alginate lyase. In many studies, NaCl has been reported as an important activator of bacterial alginate lyases (Rahman et al., 2010; Remeo and Preston, 1986; Min et al., 1977) . The promoting effects of high salt concentrations on enzyme production may be due in part to removal of bound water from sodium alginate molecules or possibly to the effects of charge in forming the enzyme-alginate complex (Jacobson, 1955) .
Furthermore, alginate lyase production in some strains is stimulated by the presence of high salt concentrations (0.2 to 0.5 M NaCl) in the growth media, a condition which has also been found to stimulate alginate biosynthesis. These findings suggested that alginate production and alginate lyase expression are coregulated (Schiller et al., 1993) . Penaloza-Vazquez et al. (1997) reported that, the stimulation of alginate gene expression by the addition of NaCl is due to increased osmolarity rather than ionic effect.
The significance of the presence of high level of yeast 1982). Although alginate lyases are produced without et al., 2000, Doubet and Quatrano, 1982) . Alginate-degrading bacteria play an important role in the nutrient-recycling system in a marine environment. However, application of this kind of bacterium to waste control in the marine environment has not been well studied, probably due to the little information that exists on the isolation of alginate degrading bacteria (Tang et al., 2009) .
Some alginate-degrading bacteria are reported in GenBank:
Flavobacteriaceae bacterium SW5, Ochrobactrum sp. WZUH09-1, Vibrio sp. O2, Streptomyces sp. A5, Pseudomonas sp. QDA andBacillus algicola (Kawamoto et al., 2006) . A new alginate lyase-producing micro-organism, designated as Bacillus sp. strain ATB-1015, was effectively isolated 
Bacillus subtilis SSCS9
Bacillus subtilis SSCT68
Bacillus subtilis SSCS21-1
Bacillus subtilis SSCT51
Bacillus subtilis KJB06-35
Bacillus subtilis ET
Bacillus amyloliquefaciens s
Bacillus vallismortis DSM110
Sequence AA4 from soil samples pretreated for 3 months with a substrate of the enzyme, sodium alginate (Nakagawa et al., 1998) .
Here we isolated and identified B. subtilis marine isolate AA4 as capable of alginate degradation by alginate lyase whose production was maximized by 15-fold through manipulation of the growth medium analyzed by statistical means.
